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© A matrix type sustained release preparation pre- 
pared by employing plasma irradiation technique by 
forming a multi-layered particle containing a medi- 
cated tablet or granule or the core material and 
having the outermost layer comprising a plasma- 



degradable poiymer and a plasma-crosslinkable 
polymer and irradiating the outermost layer with a 
plasma to thereby facilitate the control of a releasing 
pattern while preventing the contained medicine 
from being directly exposed to the plasma. 
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[Field of Industrial Application] 

The present invention relates to a solid prep- 
aration having a purpose and function of regulating 
the rate of releasing a medicine administered main- 
ly orally in the digestive tracts and a process for 
producing it. In particular, the present invention 
relates to a multi-layer solid preparation character- 
ized by having an outer layer comprising a plasma- 
decomposable polymer and a plasma-crosslinkable 
polymer and irradiated with a plasma for the 
above-described purpose and for obtaining the 
above-described function, and a process for pro- 
ducing it. 

[Prior Art] 

The matrix method is a method of designing a 
preparation having a purpose and function of regu- 
lating the rate of releasing a medicine in the diges- 
tive tracts. It is known to use a water-insoluble 
substance such as a wax or ethylceliulose as the 
material of the matrix. The matrix method is char- 
acterized by a mesh structure comprising a skel- 
eton of a water-insoluble substance such as a wax 
or ethylceliulose. The rate of releasing the medi- 
cine from the mesh structure upon contact with the 
fluid in the digestive tracts is regulated by varying 
the properties of this structure. 

The release of a medicine from the mesh 
structure depends mainly on a difference in the 
osmotic pressure between the inside and outside of 
the structure or, in other words, difference in the 
concentration of the medicine between them. Since 
the difference in concentration does not change for 
a considerably long time in the mesh structure, 
there is a tendency toward a zero-order release 
rate. Therefore, when a zero-order release rate was 
desired, a matrix-type preparation was frequently 
used heretofore. As the rate constant of the zero- 
order release vaires depending on the size of the 
openings of the mesh and their uniformity, it is 
important to select the most suitable technique and 
contrivance for forming the openings of the mesh. 
Various techniques were developed for this pur- 
pose. They include a technique wherein a 
medicine-containing solid preparation is irradiated 
with 7-rays to form a mesh structure and a tech- 
nique wherein the medicine-containing solid prep- 
aration is coated with a film comprising a water- 
soluble substance such as a sugar so that the 
water-soluble substance is eluted to form the mesh 
structure after the administration thereof. However, 
these methods still have problems. Namely, in the 
-y-ray irridiation method, the medicine is decom- 
posed and deactivated and in the latter method, the 
coating film containing the water-soluble substance 
will be affected by the conditions in the digestive 



tracts. 

The inventors have made intensive investiga- 
tions for the purpose of developing a new func- 
tional material by a plasma reaction and, more 
s particularly, for the purpose of developing a new 
drug delivery system with a plasma-irradiated poly- 
mer powder. The following references 1), 2) and 3) 
written by the inventors are to be referred to in the 
present invention: 
w 1) Bulletin of the Gifu College of Pharmacy, Vol. 
36 (1987), pp. 11 to 25, Masayuki KUZUYA New 
Plasma-started Polymerization, 

2) "Chemical Engineering" published by Kagaku 
Kogyo-Sha in 1989, pp. 664 to 671; Masayuki 

15 KUZUYA, New DDS with Plasma-irradiated Poly- 
mer Powder, and 

3) "Hyomen" published by Koshin-Sha in 1989, 
pp. 885 to 892. 

It is well known that when an acrylic resin such 

20 as polymethyl methacrylate is subjected to radical 
irradiation, radicals are formed on the resin surface. 
The inventors have found that when a plasma- 
irradiated acrylic resin is tableted as indicated in 
References 2) and 3), the radicals on the resin 

25 surface cause crosslinking between the solids due 
to the compression in the tableting operation to 
form macro-matrix tablets. Namely the inventors 
succeeded in forming a matrix having a mesh 
structure regulated at will by suitably selecting the 

30 irradiation polymerization conditions and tableting 
compression conditions unlike known matrixes. The 
Reference 2) discloses a case wherein theophylline 
is incorporated into an acrylic resin powder irradi- 
ated with an argon plasma and tableted and the 

35 behavior of theophylline eluted therefrom is investi- 
gated. It is described therein that the mesh struc- 
ture of the matrix can be regulated at will by 
suitably selecting the irradiation polymerization 
conditions and tableting compression conditions 

40 and that, as a result, the diffusion and elution of 
theophylline as the rate-determining step can be 
controlled. 

(Disclosure of the Invention) 

45 

Thereafter the inventors proposed various 
matrix-type release-regulating preparations accord- 
ing to the plasma irradiation and investigated them. 
The inventors thus found that by forming a multi- 

50 layer preparation comprising a tablet or granule 
containing a medicine as the core and the out- 
ermost layer comprising a plasma-decomposable 
polymer and a plasma-crosslinkable polymer and 
irradiating the outermost layer with a plasma, the 

55 direct exposure of the medicine to the plasma can 
be avoided and the release pattern can be con- 
trolled more easily. The present invention has been 
completed after further investigations made on the 
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basis of this finding. 

The present invention provides a multi-layer 
solid preparation characterized by having an outer 
layer comprising a plasma-decomposable polymer 
and a plasma-crosslinkable polymer and irradiated 
with a plasma. The present invention provides also 
a process for producing a multi-layer solid prepara- 
tion characterized by forming an outermost layer 
comprising a plasma-decomposable polymer and a 
plasma-crosslinkable polymer and then irradiating 
the layer with a plasma. 

(Brief Description of the Drawings) 

Fig. 1 is a schematic drawing of the apparatus 
used for the production of the multi-layer solid 
preparation of the present invention. Fig. 2 is an 
enlarged view of the reactor of the apparatus. Fig. 
3 shows the results of the experiments on the 
dependency of the rate of weight loss of polyox- 
ymethyiene on the oxygen gas introduction rate, 
pressure or plasma output obtained when oxygen 
gas was introduced. Fig. 4 shows the results of the 
experiments on the dependency of the rate of 
weight loss of polyoxymethylene on the argon gas 
introduction rate, pressure or plasma output ob- 
tained when argon gas was introduced. Fig. 5 
shows the results of the experiments on the depen- 
dency of the rate of weight loss of polystyrene on 
the oxygen gas introduction rate, pressure or plas- 
ma output obtained when oxygen gas was intro- 
duced. Fig. 6 shows the results of the experiments 
on the dependency of the rate of weight loss of 
polystyrene on the argon gas introduction rate, 
pressure or plasma output obtained when argon 
gas was introduced. In Figs. 3 through 6, (a) shows 
the relationship between the gas introduction rate 
and weight loss rate, (b) shows that between the 
pressure and weight loss rate, and (c) shows that 
between the plasma output and weight loss rate. 
Fig. 7 shows the relationship between the oxygen 
plasma irradiation time and dissolution rate of 
theophylline. Fig. 8 shows the relationship between 
the oxygen plasma irradiation output and dissolu- 
tion rate of the theophylline. Fig. 9 shows the 
relationship between the ratio of the total weight of 
the polymers forming the outer layer to the active 
ingredient (theophylline) and dissolution rate of 
theophylline. Fig. 10 shows the relationship be- 
tween the weight ratio of the polymers forming the 
outer layer and dissolution rate of theophylline. Fig. 
11 shows the relationship between the combination 
of polymers having various particle diameters in 
the outer layer and dissolution rate of theophylline. 
Fig. 12 shows the influence of oxygen plasma 
irradiation on the weight loss rate of polyox- 
ymethylene or polyactic acid. Fig. 13 shows the 
relationship between oxygen plasma irradiation 



time and dissolution rate of theophylline. Fig. 14 
shows the relationship between oxygen plasma ir- 
radiation output and dissolution rate of theophylline. 
Fig. 15 shows the relationship between the ratio of 

5 the total weight of the polymers forming the outer 
layer to the active ingredient (theophylline) and 
dissolution rate of theophylline. Fig. 16 shows the 
relationship between the weight ratio of the poly- 
mers forming the outer layer and dissolution rate of 

w theophylline. Fig. 17 shows the relationship be- 
tween the combination of polymers having various 
particle diameters in the outer layer and dissolution 
rate of theophylline. 

1: gas cylinder, 2: flow meter, 3: high-frequen- 

75 cy generating power source, 4: matching network, 
5: high-frequency coil, 6: trap, 7: pressure gauge, 
8: reactor, 9: tablet, 10: glass sample holder, 11:0- 
ring. 

A detailed description will now be made on the 
20 present invention. 

In the present invention, the term "plasma- 
decomposable polymer" refers to a polymer which 
forms a radical due to the breakage of the polymer 
main chain upon irradiation with an inert plasma 
25 (such as an inert gas) to reduce its weight to a 
large extent. Examples of them include polymers of 
the genera! formula: 

30 — (-CH--CR, Ro-^-rr 



wherein Ri and R2 each represent a mon- 
ovalent organic compound, 

35 produced from 1,1-disubstituted vinyl monomers, 
such as polyisobutylene, poly-a-methylstyrene, 
polymethacrylic acid, polymethyl methacrylate or 
polymethacrylamide. Since oxygen is quite easily 
split off during the plasma irradiation, polymers 

40 having an ether bond in the main chain, such as 
polyoxymethylene and polysaccharides (for exam- 
ple, celluloses), are also typical plasma-decom- 
posable polymers. 

The term "plasma-crosslinkable polymer" here- 

45 in refers to a polymer which forms a radical of a 
polymer main chain type upon irradiation with a 
plasma to conduct the surface crosslinking reaction 
and thereby to cause only a slight weight loss. 
Examples of them include polyethylene and poly- 

50 mers of the general formula: 

55 

wherein R1 represents a monovalent organic 
compound, 

produced from 1 -substituted vinyl monomers, such 
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as polypropylene, polystyrene, polyacrylic acid, 
polymethyl acrylate, polyacrylamide or polylactic 
acid. 

Practically, however, not only one reaction pro- 
ceeds exclusively but both decomposition and 
crosslinking reactions proceed upon irradiation with 
a plasma. Thus the reactions are classified accord- 
ing to the main reaction. For instance, hydrocarbon 
polymers such as polypropylene are classified into 
the plasma-crosslinkable polymers. When they are 
irradiated with an inert gas plasma to form a 
polyenyl radical (radical having many double bonds 
conjugated with one another) on the polymer main 
chain, they are not decomposed as such. However, 
when they are irradiated with an oxygen plasma, 
oxygen atoms in the plasma react to accelerate the 
oxidative destruction reaction to break the main 
chain. This is called a "plasma-decomposable 
polymer". Although the plasma-decomposable 
polymer and plasma-crosslinkable polymer can 
thus be broadly classified into the two groups in 
the present invention, the polymers are not limited 
to those described above. Namely, one of the two 
polymers used as the components undergoes 
mainly the decomposition reaction and the other 
undergoes mainly the crosslinking reaction upon 
plasma irradiation. The former is called the plasma- 
decomposable polymer and the latter is called the 
plasma-crosslinkable polymer. 

Commercially available polymers can be used 
as the plasma-decomposable polymer and the 
plasma-crosslinkable polymer. If necessary, they 
can be purified, pulverized and sieved to obtain 
particles having a desired uniform diameter. Fur- 
ther, the polymers synthesized and then treated in 
the same manner can also be used. 

When the temperature of a substance is gradu- 
ally elevated, it changes from a solid to a liquid 
and then to a gas. When a high energy is further 
applied to the gas, it is dissociated into particles 
having a negative charge and those having a posi- 
tive charge. The plasma is more highly excited 
than an ordinary gas and is unstable. The ionized 
gas can be broadly classified into hot (high-tem- 
perature) plasma and low-temperature plasma ac- 
cording to its state. All the particles in the former 
have a high kinetic energy and are in a thermal 
equilibrium state and, therefore, the former is 
called "equilibrium plasma". In the latter, only a 
part of the electrons in the gas have a high level of 
energy and is dissociated like a low-pressure ion- 
ized gas. Most of the components are molecules 
(neutral radicals and ions) and electrons and are 
not in a thermal equilibrium state and, therefore, 
they are called "non-equilibrium plasma", which is 
used as a chemical plasma. In the irradiation with 
an inert element plasma such as argon or helium 
plasma, the ultraviolet rays and particles that are 



irradiated play the main roles in terms of the effect. 
They are effective in modifying or etching the 
surface of an object. On the other hand, molecular 
plasmas of oxygen, nitrogen, etc., are employed for 
5 the surface modification, since the respective atom- 
ic groups are introduced into the surface of the 
object 

Any low-temperature plasma other than an or- 
ganic gas plasma is usable in the present inven- 

70 tion. Inert gas plasmas such as argon and helium 
plasmas, and plasmas of oxygen, nitrogen, hy- 
drogen and even water and air are usable. The 
plasmas of oxygen and air are particularly suitable, 
since they accelerate the oxidative destruction re- 

15 action of the plasma-decomposable polymer to ac- 
celerate the decomposition thereof. The use of the 
plasma of air is most desirable from the viewpoints 
of the reaction and economization. However, the 
plasmas are not limited to them but any low-tem- 

20 perature plasma other than organic gases is usable 
in the present invention. 

A series of discharge techniques is usually 
employed for forming a plasma. In plasma chemis- 
ty, it is possible to entirely remove the electrodes 

25 from the discharge resion and a high-frequency, 
non-polar discharge at 13.56 MHz or 27.12 MHz 
the use of which for medical and industrial purpose 
is admitted is employed. An inductive coupling 
system wherein a coil is used or a capacitive 

30 coupling system wherein an electrode plate (a ca- 
pacitor) is used can be employed for charging in 
such a non-polar discharge system is which a 
necessary energy is supplied from the outside of 
the reaction vessel. Various reaction vessels and 

35 apparatuses can be used therefor. 

For example, a plasma was generated by the 
inductive coupling system wherein a 13.56-MHz 
high-frequency generation power supply device (0 
to 200 W) as shown in Fig. 1 was used in Example 

40 1 given below. In Fig. 1, reference numeral 1 is a 
gas cylinder, 2 is a flow meter, 3 is a high-fre- 
quency generation power supply, 4 is a matching 
network, 5 is a high-frequency coil, 6 is a trap, 7 is 
a pressure gauge and 8 is a reaction apparatus. 

45 Fig. 2 is an enlarged view of the reaction apparatus 
8. In Fig. 2, reference numeral 9 is a tablet, 10 is a 
glass sample holder and 11 is an Oring. A pre- 
ferred effective output is 50 to 100 W, and a 
preferred gas flow rate for plasma formation is 

so about 50 mX/min under 0.5 Torr. Both the pressure 
and flow rate are employed as the parameters so 
that the sample can be efficiently irradiated with 
the plasma. Since the purpose can be attained 
merely by irradiating the sample surface with the 

55 plasma, a reaction apparatus of any shape can be 
used. In Examples 1 and 2, a glass sample holder 
10 having three thin legs was used so that both 
surfaces of the tablet could be uniformly irradiated 
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with the plasma. A tablet 9 was placed on the 
sample holder 10. Two or more tablet samples can 
be irradiated simultaneously when a larger reaction 
apparatus is used. When the sample is in another 
form such as granules, a large amount of the 
sample can be efficiently irradiated with the plasma 
by using an inversion plasma irradiation reaction 
apparatus. 

The multi-layer solid preparation of the present 
invention comprises a core substance in the form 
of a tablet or granule containing an active medicinal 
ingredient and one or more layers formed thereon, 
wherein the outermost layer comprises a plasma- 
decomposable polymer and a plasma-crosslinkable 
polymer and has been irradiated with a plasma. In 
Examples 1 and 2 given below, a tablet containing 
theophylline is used as the core and it is coated 
with a layer comprising a plasma-decomposable 
polymer and a plasma-crosslinkable polymer. This 
double-layer tablet is formed by the direct tableting 
method. The surface of the layer is irradiated with 
a plasma to obtain the multi-layer solid preparation 
of the present invention. 

It is desirable to conduct a preliminary test for 
finding out the optimum conditions for the plasma 
irradiation. The preliminary test is, for example, a 
weight loss test in which the weight loss due to the 
plasma decomposition reaction is determined ac- 
cording to the irradiation conditions. 

[Examples] 

The following Examples will further illustrate 
the present invention. 

Example 1 

Polyoxymethylene and polystyrene are typical 
plasma-decomposable polymer and plasma-cros- 
slinkable polymer, respectively. Double-layer tab- 
lets containing theophylline and having the outer 
layer comprising these polymers were produced. 

Purification of commercially available polystyrene : 

5 g of commercially available polystyrene was 
dissolved in 60 ml of purified benzene and then 
reprecipitated in 45 ml of methanol. After the 
removal of the supernatant liquid, the polystyrene 
was again dissolved in 60 m 1 of purified benzene, 
reprecipitated in 1.25 I of methanol and thoroughly 
stirred, it was filtered and dried at 60* C under 
reduced pressure. Then the product was pulverized 
with a ball mill and sieved to obtain the product of 
an intended particle diameter. 

Synthesis of polyoxymethylene: 



A condenser, a nitrogen-introducing tube and a 
thermometer were attached to a 100-ml three- 
necked flask. Air in the flask was replaced with 
nitrogen. 42 g of trioxane and 18 ml of dry 

5 chciohexane were placed therein and heated to 
55 ° C while introducing nitrogen thereinto to obtain 
a solution. A solution of 0.9 ul of boron trifluoride 
diethyl etherate catalyst in cyclohexane was added 
thereto. The polymerization was completed in sev- 

70 eral hours. The product was poured into 100 ml of 
acetone containing 0.3 ml of tributylamine, thor- 
oughly stirred and then filtered. The filter cake was 
thoroughly washed with acetone. After air-drying at 
60 °C, the product was pulverized in a motor and 

15 sieved to obtain the product of an intended particle 
diameter. 

Samples : 

20 Production of theophylline-containing double-layer 
tablets : 

* polyoxymethylene (passed through a 60 to 
80 mesh screen) 

25 * polystyrene (passed through a 200 mesh 
screen), and 

* theophylline (passed through a 32 mesh 
screen) 

Theophylline (100 mg) was molded into a disk- 
30 shaped capsule having a diameter of 10 mm by 
applying a tableting pressure of 40 kg/cm 2 for 10 
sec with a 10 mm-diameter KBr tableting machine 
mfd. by Shimadzu Corp. The theophylline tablet 
was placed at the center of a powdery mixture (80 
35 mg) of polystyrene and polyoxymethylene in a ratio 
of 1:1. They were molded into a disk-shaped 
double-layer tablet having a diameter of 13 mm by 
applying a tableting pressure of 200 kg/cm 2 for 30 
sec with a 13 mm-diameter KBr tableting machine 
40 mfd. by Shimadzu Corp. 

Plasma irradiation : 

A plasma reaction apparatus shown in Fig. 1 
45 was used for the plasma irradiation. The tablet 9 
was placed on the sample holder 10 having three 
thin legs so as to uniformly irradiate both surfaces 
of the tablet with the plasma as shown in Fig. 2. 
After irradiation with an 80-W plasma for 200 
so min, a tablet coated with crosslinked polystyrene 
was obtained. 

Example 2 

55 Double-layer tablets were produced in the 

same manner as that of Example 1 except that 
polystyrene was replaced with polylactic acid which 
is a polymer decomposable in vivo. The tablets 
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were irradiated with a 6-W plasma for two hours to 
obtain those coated with crosslinked polylactic 
acid. 

[Effect of the Invention] 

The following Experimental Examples will illus- 
trate the effect of the present invention: 

Experimental Example 1 

1) Influence of introduced gas on the weight loss of 
polyoxymethylene or polystyrene: 

The following experiments were conducted with 
100 mg disk-shaped tablets of polyoxymethylene 
or polystyrene having a diameter of 13 mm. 

The plasma irradiation was conducted with the 
plasma reaction apparatus shown in Fig. 1 . 

The results of the experiments on the depen- 
dency of the weight loss rate of polyoxymethylene 
or polystyrene on the introduction rate of oxygen or 
argon gas, pressure and plasma output are shown 
in Figs. 3 through 6. Fig. 3 shows the results of the 
experiments on dependency of the weight loss rate 
of polyoxymethylene on the oxygen gas introduc- 
tion rate, pressure or plasma output obtained when 
oxygen gas was introduced. Fig. 4 shows the re- 
sults of the experiments on dependency of the 
weight loss rate of polyoxymethylene on argon gas 
introduction rate, pressure or plasma output ob- 
tained when argon gas was introduced. Fig. 5 
shows the results of the experiments on depen- 
dency of the weight loss rate of polystyrene on 
oxygen gas introduction rate, pressure or plasma 
output obtained when oxygen gas was introduced. 
Fig. 6 shows the results of the experiments on the 
dependency of the weight loss rate of polystyrene 
on argon gas introduction rate, pressure or plasma 
output obtained when argon gas was introduced. In 
Figs. 3 through 6, (a) indicates the relationship 
between the gas introduction rate and the weight 
loss rate, (b) indicates the relationship between the 
pressure and the weight loss rate, and (c) indicates 
the relationship between the plasma output and 
weight loss rate. 

It is apparent from the results shown in Figs. 3 
through 6 that in the polyoxymethylene tablets, the 
plasma output exerted the greatest influence on the 
weight loss rate and that when an oxygen plasma 
was used, the weight loss rate was higher than that 
obtained when argon plasma was used by 30 to 
40%. When the plasma irradiation conditions com- 
prised an oxygen gas introduction rate of 50 
ml/min, a pressure of 0.5 Torr and a plasma 
output of 50 W, a 1 00-mg polyoxymethylene tablet 
completely disappeared in one-hour plasma irradia- 
tion. On the contrary, the weight loss rate of the 



polystyrene tablet was only slight irrespective of 
the plasma irradiation conditions. This fact indi- 
cated that a high plasma output is desirable, since 
it increases the difference in the weight loss rate. 

5 

2) Dissolution Tests: 

Dissolution tests were conducted with double- 
layer tablets comprising a theophylline nucleus 
w coated with a combination of polyoxymethylene 
and polystyrene produced in Example 1. The test 
methods were as given below. 

(Method) 

75 

The dissolution test was conducted according 
to the rotating basket method described in the 
Japanese Pharmacopoeia. The dissolution tester 
was TR-5S3 made according to U.S.P. (NF) Stan- 
20 dard by Toyama Sangyo K.K. The quantitative de- 
termination of eluted theophylline was conducted 
according to the absorbance measurement method 
described in the Japanese Pharmacopoeia. 

25 (Results) 

(1) Relationship between oxygen plasma irradiation 
time and theophylline dissolution rate: 

30 A double-layer tablet consisting of 100 mg of a 

theophylline core and a layer of 80 mg of a pow- 
dery mixture of 60 to 80-mesh polyoxymethylene 
and 200-mesh polystyrene in a ratio of 1 :1 formed 
outside the core was irradiated with a plasma under 

35 conditions comprising a plasma output of 80 W, a 
pressure of 0.5 Torr and an oxygen gas flow rate of 
50 ml/min for 0 to 30 min. The theophylline dis- 
solution rate of each of the tablets thus obtained 
was determined. The results are shown in Fig. 7. 

40 It is apparent from Fig. 7 that although 

theophylline was not eluted before the plasma irra- 
diation and until 5 min after the initiation of the 
irradiation, the dissolution (rate) was increased 
thereafter with the plasma irradiation time. It is 

45 supposed from the weight loss of the tablet that by 
the plasma irradiation, the polyoxymethylene par- 
ticles are decomposed and scattered from the out- 
er layer, the polystyrene particles are made dense 
by the crosslinking reaction and pores, gaps and 

so voids are formed in between the polystyrene par- 
ticles. In Fig. 7, a comparatively good linearity is 
recognized up to a dissolution rate of around 80%, 
clearly suggesting zero-order release. However, 
when the plasma irradiation time was 30 min, 

55 theophylline is eluted quite rapidly (the dissolution 
is completed in about 2 h) and theophylline is 
partiably decomposed. Thus the dissolution rate of 
theophylline does not exceed about 80% in this 
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case. 

(2) Relationship between oxygen plasma irradiation 
output and theophylline dissolution rate: 

A theophylline-containing double-layer tablet 
consisting of 100 mg of a theophylline core and a 
layer of 80 mg of a powdery mixture of 60 to 80- 
mesh polyoxyrnethylene (POM) and 200-mesh 
polystyrene (PST) in a weight ratio of 1:1 formed 
outside the core was irradiated with a plasma under 
conditions comprising a plasma output of 20 to 80 
W, a pressure of 0.5 Torr and an oxygen gas flow 
rate of 50 ml /min for 20 min. The theophylline 
dissolution rate of each of the tablets thus obtained 
was determined. The results are shown in Fig. 8. 

With reference to the results of the weight loss 
test of POM tablets (Figs. 3 to 6), the plasma 
irradiation output exerts a great influence on the 
weight loss of the tablets as described above. Also 
the dissolution test results of theophylline indicated 
that the dissolution surely depends on the plasma 
irradiation output as shown in Fig. 8. Namely, it will 
be understood that when the double-layer tablets 
produced under the above-described conditions are 
irradiated with a plasma of less than 50 W, the 
dissolution thereof is quite slight and, therefore, an 
output of about 50 to 80 W is preferred. This fact 
indicates that by suitably selecting the plasma irra- 
diation output, the production of the multi-layer 
grains having dissolution properties suitable for the 
purpose is made possible. 

(3) Relationship between the ratio of the total 
weight of the polymers forming the outer layer to 
the active ingredient (theophylline) and theophylline 
dissolution rate: 

A theophylline-containing double-layer tablet 
consisting of 100 mg of a theophylline core and an 
outer layer comprising 60 to 100 mg of a powdery 
mixture of 60 to 80-mesh polyoxyrnethylene (POM) 
and 200-mesh polystyrene (PST) in a weight ratio 
of 1:1 was irradiated with a plasma under con- 
ditions comprising a plasma output of 80 W, a 
pressure of 0.5 Torr and an oxygen gas flow rate of 
50 ml/min for 20 min. The theophylline dissolution 
rate of each of the tablets thus obtained was deter- 
mined. The results are shown in Fig. 9. 

It will be apparent from Fig. 9 that when the 
total weight of the outer layer polymers was 60 mg 
for 100 mg of theophylline and the plasma irradia- 
tion time was 20 min, the dissolution of theophyl- 
line was extremely rapid (it was completed in about 
3 h), theophylline was partially decomposed and 
even after the completion of the dissolution, a 100 
% elution rate could not be obtained but the rate 
was only around 80%. Thus, under these plasma 



irradiation conditions, 80 to 100 mg of the outer 
layer polymers are preferred for 100 mg of 
theophylline. By selecting the total weight of the 
outer layer polymers relative to the active ingre- 
5 dient (theophylline) within this range, the release 
pattern can be regulated. 

(4) Relationship between the weight ratio of poly- 
mers forming the outer layer and dissolution rate of 

10 theophylline: 

A theophylline-containing double-layer tablet 
consisting of 100 mg of a theophylline core and an 
outer layer comprising 80 mg of a powdery mixture 

75 of 60 to 80-mesh polyoxyrnethylene (POM) and 
200-mesh polystyrene (PST) in a weight ratio vary- 
ing from 3:1 to 1:3 was irradiated with a plasma 
under conditions comprising a plasma output of 80 
W, a pressure of 0.5 Torr and an oxygen gas flow 

20 rate of 50 ml/min for 20 min. The theophylline 
dissolution rate of each of the tablets thus ontained 
was determined. The results are shown in Fig. 10. 

It will be apparent from Fig. 10 that when the 
weight ratio of POM to PST in the outer layer was 

25 3:1 under these irradiation conditions, the dissolu- 
tion of theophylline was extremely rapid (it was 
completed in about 2 h), theophylline was partially 
decomposed and even after the completion of the 
dissolution, a 100% dissolution rate could not be 

30 obtained but the rate was only about 90%. In the 
dissolution test of the same double-layer tablet 
having a weight ratio of POM to PST of 3:1 but 
which was not subjected to the plasma irradiation 
(blank), the dissolution of theophylline was caused, 

35 since POM which was the main component of the 
outermost layer was a hydrophilic polymer. On the 
contrary, when the weight ratio of POM to PST in 
the outer layer was 1:3, the dissolution of theophyl- 
line was extremely slow and a lag time was caused 

40 and, therefore, the dissolution pattern was of a 
solenoid type. Accordingly, the weight ratio of POM 
to PST in the outer layer is preferably about 1:1 
under these plasma irradiation conditions. In this 
case, the zero-order release is substantially possi- 

45 ble up to a dissolution rate of about 80%. It was 
thus suggested that the release pattern can be 
regulated also by selecting the ratio of the plasma- 
decomposable polymer to the plasma-crosslinkabte 
polymer in the outer layer. 

50 

(5) Relationship between combination of polymers 
having various particle diameters in the outer layer 
and dissolution rate of theophylline: 

55 The dissolution of theophylline from 

theophylline-containing double-layer tablets com- 
prising polyoxyrnethylene (POM) and polystyrene 
(PST) having various particle diameters was exam- 
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ined while the polymer ratio in the outer layer and 
the total weight of them were fixed at 1:1 and 80 
mg, respectively, and the plasma irradiation time 
was fixed at 20 mi n. 

In the test, polyoxymethyiene and polystyrene 5 
having particle diameters of 60 to 80 mesh. 100 to 
140 mesh or 200 mesh or larger were used. 
Theophy I line-containing double-layer tablets each 
consisting of 100 mg of a theophylline core and an 
outer layer comprising 80 mg of a powdery mixture 10 
of polyoxymethyiene and polystyrene in a ratio of 
1:1 were irradiated with a plasma under conditions 
comprising a plasma output of 80 W, a pressure of 
0.5 Torr and an oxygen gas flow rate of 50 rrU/min 
for 20 min. The theophylline dissolution rate of 15 
each of the tablets thus obtained was determined. 
The results are shown in Fig. 11. 

It is apparent from Fig. 11 that the larger the 
particle diameter of polyoxymethyiene (POM) 
(plasma-decomposable polymer) or polystyrene 20 
(PST) (plasma-crosslinkable polymer), the higher 
the dissolution rate of theophylline. Namely, when 
the particle diameter of polystyrene (plasma-cros- 
slinkable polymer) was constant, the dissolution 
rate was increased as the particle diameter of 25 
polyoxymethyiene (plasma-decomposable polymer) 
was increased. Supposedly this is because the 
pores, gaps and voids formed in between the poly- 
styrene particles are enlarged after the polyox- 
ymethyiene particles in the outer layer are de- 30 
composed or scattered upon the irradiation of the 
plasma as described above. When the particle di- 
ameter of polyoxymethyiene is constant, the dis- 
solution is increased as the particle diameter of 
polystyrene is increased. Supposedly this is be- 35 
cause the gaps formed in between the polystyrene 
particles after the decomposition and scattering of 
the polyoxymethyiene particles in the outer layer 
are enlarged as the particle diameter of polysty- 
rene is increased. In other words, supposedly the 40 
crosslinking reaction induced by the plasma irradia- 
tion is inhibited, since the specific surface area of 
polystyrene is reduced. This fact clearly suggests 
that multi-layer granules having a desired elution 
rate can be produced by selecting either the par- 45 
tide diameters of the plasma-decomposable poly- 
mer and plasma-crosslinkable polymer constituting 
the outer layer or by selecting the particle diameter 
ratio of the former to the latter. 

50 

<Summary of the results) 

The results of the dissolution tests of theophyl- 
line suggested that the theophylline release pattern 
can be varied as desired by selecting the plasma 55 
irradiation conditions (irradiation time and irradia- 
tion output) when the double-layer tablet production 
conditions are constant as shown in the relationship 



(1) and (2) or by selecting the conditions of forma- 
tion of the outermost layer comprising the two 
polymers of the double-layer tablet (weight of each 
polymer forming the outer layer, ratio of them, and 
particle diameters of them) when the plasma irra- 
diation conditions are constant as shown in the 
relationships (3), (4) and (5). Namely, it is possible 
to design sustained release preparations over a 
wide range. 

Experimental Example 2 

1) Weight loss of polyoxymethyiene, polystyrene or 
polylactic acid upon plasma irradiation: 

100 mg disk-type tablets (diameter: 13mm) of 
polylactic acid, polyoxymethyiene or polystyrene 
were used in the following experiments. 

Oxygen plasma irradiation was conducted un- 
der conditions comprising an effective output of 6 
W, an oxygen flow rate of 50 ml/min and a pres- 
sure of 0.5 Torr to determine the weight loss rate 
of polyoxymethyiene, polystyrene or polylactic 
acid. The results are shown in Fig, 12. 

it is apparent from Fig. 12 that the weight loss 
rates were lower and the plasma irradiation times 
were longer than those of Experimental Example 1, 
since the output was lower than that of Experimen- 
tal Example 1. However, the weight loss rate of 
polylactic acid was almost equal to that of polysty- 
rene and far from that of polyoxymethyiene. 

2) Dissolution test: 

The same double-layer tablets as those used in 
Example 2 which comprised a theophylline core 
and a combination of polyoxymethyiene with poly- 
lactic acid as the outer layer were subjected to the 
tests described below. 

(Method)^ 1 > 

The dissolution test was conducted in the 
same manner as that of Experimental Example 1. 

(Results) 

(1) Relationship between oxygen plasma irradiation 
time and theophylline dissolution rate: 

A double-layer tablet consisting of 1 00 mg of a 
theophylline core and an outer layer of 80 mg of a 
powdery mixture of 60 to 80-mesh polyoxymeh- 
tylene and 100-mesh polylactic acid in a ratio of 
1:3 was irradiated with a plasma under conditions 
comprising a plasma output of 6 W, a pressure of 
0.5 Torr and an oxygen gas flow rate of 50 mt/min 
for 1 to 3 h. The theophylline dissolution rate of 
each of the tablets thus obtained was determined. 
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The results are shown in Fig. 13. 

It is apparent from Fig. 13 that the dissolution 
(rate) was increased as the plasma irradiation time 
was prolonged. It is supposed from the weight loss 
of the tablet that by the plasma irradiation, the 
polyoxymethylene particles in the outer layer are 
decomposed and scattered, the polyiactic acid par- 
ticles are made dense by the crosslinking reaction 
and pores, gaps and voids are formed in between 
the polystyrene particles. 

(2) Relationship between oxygen plasma irradiation 
output and theophylline dissolution rate: 

A theophylline-containing double-layer tablet 
consisting of 100 mg of a theophylline core and an 
outer layer of 80 mg of a powdery mixture of 60 to 
80-mesh polyoxymethylene and 100-mesh polyiac- 
tic acid in a weight ratio of 1:3 was irradiated with 
the plasma under comprising a pressure of 0.5 
Torr, an oxygen gas flow rate of 50 rrU/min, a 
plasma irradiation time of 2 h, and a plasma irradia- 
tion output of 4 to 8 W. The theophylline dissolu- 
tion rate of each of the tablets thus obtained was 
determined. The results are shown in Fig. 14. 

It is apparent from Fig. 14 that the dissolution 
significantly depends on the plasma irradiation out- 
put. This fact suggests that multi-layer tablets hav- 
ing a desired dissolution rate can be produced by 
suitably selecting the output. 

(3) Relationship between the ratio of the total 
weight of the polymers forming the outer layer to 
the active ingredient (theophylline) and theophylline 
dissolution rate: 

A theophylline-containing double-layer tablet 
consisting of 100 mg of a theophylline core and 
outer layer comprising 60 to 100 mg of a powdery 
mixture of 60 to 80-mesh polyoxymethylene and 
100-mesh polyiactic acid in a weight ratio of 1:3 
was irradiated with the plasma under conditions 
comprising a plasma irradiation output of 6 W, a 
pressure of 0.5 Torr and an oxygen flow rate of 50 
rrU/min for 2 h. The theophylline dissolution rate of 
each of the tablets thus obtained was determined. 
The results are shown in Fig. 15. 

It is apparent from Fig. 15 that when the total 
weight of the outer layer polymers was 60 mg for 
100 mg of theophylline and the plasma irradiation 
time was 2 h, the dissolution rate of theophylline 
was high (it was completed in about 3 h) and that 
when the total weight of these polymers was 100 
mg, theophylline was scarcely eluted. Thus, under 
these plasma irradiation conditions, 60 to 80 mg of 
the polymers are preferred for 100 mg of theophyl- 
line. By selecting the total weight of the outer layer 
polymers relative to the active ingredient 



(theophylline) within this range, the release pattern 
can be regulated. 

(4) Relationship between the weight ratio of poly- 
5 mers forming the outer layer and dissolution rate of 

theophylline: 

A theophylline-containing double-layer tablet 
consisting of 1 00 mg of a theophylline core and an 

10 outer layer comprising 80 mg of a powdery mixture 
of 60 to 80-mesh polyoxymethylene (POM) and 
100-mesh polyiactic acid (PLA) in a weight ratio 
varying from 3:1 to 1:3 was irradiated with a plas- 
ma under conditions comprising a plasma irradia- 

75 tion output of 6 W, a pressure of 0.5 Torr and an 
oxygen gas flow rate of 50 mi/min for 2 h. The 
theophylline dissolution rate of each of the tablets 
thus obtained was determined. The results are 
shown in Fig. 16. 

20 It will be apparent from Fig. 16 that the release 

pattern can be controlled also by selecting the ratio 
of the plasma-decomposable polymer to the 
plasma-crosslinkable polymer forming the outer 
layer. 

25 

(5) Relationship between combination of polymers 
having various particle diameters in the outer layer 
and dissolution rate of theophylline: 

30 The dissolution of theophylline from 

theophylline-containing double-layer tablets com- 
prising polyoxymethylene (POM) and polyiactic 
acid (PLA) having various particle diameters were 
examined while the polymer ratio in the outer layer 

35 and the total weight of them were fixed at 1 :3 and 
80 mg, respectively, and the plasma irradiation 
time was fixed at 2.5 h. 

In the test, polyoxymethylene having particle 
diameters of 60 to 80 mesh, 100 to 140 mesh or 

40 200 mesh or larger and polyiactic acid having a 
particle diameter of 100 mesh or larger were used. 
Double-layer tablets each consisting of 100 mg of a 
theophylline core and an outer layer comprising 80 
mg of a powdery mixture of polyoxymethylene and 

45 polyiactic acid in a ratio of 1:3 were irradiated with 
the plasma under conditions comprising a plasma 
output of 6 W, a pressure of 0.5 Torr arrcl an 
oxygen gas flow rate of 50 rrU/min for 2.5 h. The 
theophylline dissolution rate of each of the tablets 

so thus obtained was determined. The results are 
shown in Fig. 17. 

It is apparent from Fig. 17 that the larger the 
particle diameter of polyoxymethylene (POM) 
(plasma-decomposable polymer), the higher the 

55 elution rate of theophylline. Namely, when the par- 
ticle diameter of polyiactic acid (plasma-crosslin- 
kable polymer) was constant, the dissolution rate 
was increased as the particle diameter of polyox- 
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ymethyiene (plasma-decomposable polymer) was 
increased. Supposedly this is because the pores, 
gaps and voids formed in between the poly lactic 
acid particles are enlarged after the polyox- 
ymethylene particles in the outer layer are de- 5 
composed or scattered upon the irradiation of the 
plasma as described above. This fact clearly sug- 
gests that multi-layer tablets having a desired dis- 
solution rate can be produced also by selecting the 
particle diameter of the plasma-decomposable w 
polymer constituting the outer layer. 

(Summary of the results) 

It is apparent from the results that the dissolu- 15 
tion rate of theophylline can be controlled under 
various conditions even when polystyrene is re- 
placed with poly lactic acid. When the plasma irra- 
diation output is low as in this experiment, polylac- 
tic acid is not decomposed. Since polylactic acid is 20 
a polymer decomposable in vivo, this method is 
useful for the production ofTmpiantable DDS prep- 
arations. 

Claims 25 

1. A multi-layer solid preparation characterized by 
having an outer layer comprising a plasma- 
decomposable polymer and a plasma-crosslin- 
kable polymer and irradiated with a plasma. 30 

2. A multi-layer solid preparation according to 
Claim 1 wherein the plasma-decomposable 
polymer is polyisobutylene, poly-a-methyl- 
styrene, polymethacrylic acid, polymethyl 35 
methacrylate, poly methacry lam ide, poly ox- 
ymethyiene or polysaccharide. 

3- A multi-layer solid preparation according to 

Claim 1 wherein the plasma-crosslinkable poly- 40 
mer is polypropylene, polystyrene, polyacrylic 
acid, polymethyl aery late, poly aery lamide or 
polylactic acid. 

4. A multi-layer solid preparation according to 45 
Claim 1 wherein the plasma is argon, helium, 
oxygen, nitrogen, hydrogen, air or water plas- 
ma. 

5. A process for producing a multi-layer solid 50 
preparation as set forth in Claim 1, character- 
ized by forming an outermost layer comprising 

a plasma-decomposable polymer and a 
plasma-crosslinkable polymer and then irradi- 
ating the layer with a plasma. 55 
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